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Summary 

During  the  1954  season^  hydrocooling  of  peaches  in  Georgia  and  South 
Carolldna  was  stiidiedo     Refrigeration  in  transit  was  also  tested  in  a 
mechanically  refrigerated  car  and  five  truck-trailers© 

The  hydrocooling  tests  were  made  with  2  types   of  commercial  hydro- 
coolers  and  2  homemade  hydrccoolerSc,  all  using  ice  for  refrigerationo 
One  mechanically  refrigerated  hydrocooler  and  one  tank-type  hydrocooler 
also  were  testedo     The  average  temperature  reduction  for  all  types   tested 
except  the  tank  hydrocooler  was  33ol°  Fo^  with  a  range  of  l9o4°  to  43»4°o 
The  average  final  fruit  temperature  was  50»2°«     The  coefficients  of  cooling^ 
expressed  as  temperature  reduction  of  fruit  per  hour  per  degree  Fo  differ- 
ence between  average  water  and  fruit  temperature  varied  from3o32  to  6o9lo 
The  homemade  hydrocoolers  were  as  effective  as  the  commercial  units  in  re- 
ducing peach  temperatures*)     A  mechanically  refrigerated  unit  had  a  low 
cooling  coefficient e     More  efficient  use  of  the  refrigeration  available 


could  be  achieved  by  a  re-design  of  the  layout  and  by  the  use  of  auto- 
matic controls  e 

Icing  records  obtained  on  4  of  the  hydroccolsrs  gave  an  average  of 
lo4.7  pounds  of  ice  per  100  pounds  of  peaches  per  degree  Fo  temperature 
reduction  or  0o44-  pounds  of  ice  per  1/2  bushel  per  degree  Fo  cooling. 

The  tank  hydrocooler  vras  found  to  have  a  rather  low  coefficient  of 
cooling  because  of  the  relatively  slow  movement  of  -water.  However^ 
d-uring  a  cooling  time  of  25  minutes ^  as  compared  -with  11  or  12  minutes 
in  other  hydrocoolers^  the  tank  hydrocooler  reduced  peach  temperatures 
an  average  of  35°^  cooling  the  peaches  to  about  52^o  Although  the 
baskets  were  immersed  with  pads  and  lids  in  place^  no  damage' to  the 
pads  was  observedo  Better  performance  could  be  expected  with  larger 
tanks,,  a  greater  ice  capacity^  and  better  circulation  of  watero 

A  small  hydrocooler  for  precooling  peaches  before  packing  was 
rather  ineffective  at  the  speed  operated©  By  reducing  the  speed  of  the 
conveyor  one  half ^  final  temperatures  of  about  50°  might  have  been  ob- 
tained© 

In  2  of  3  tests  two  wetting  agents  gave  promise  of  increasing  the 
cooling  effect  of  the  water©  The  use  of  an  anti-foam  agent  was  required 
and  will  be  tested  in  future  studies© 

No  appreciable  temperature  rises  were  noted  whoi  hydrocooled  peaches 
were  conveyed  300  feet  while  exposed  to  high  air  temperatures©  Stacking 
peaches  on  the  packinghouse  floor  after  cooling  raised  temperatures  up 
to  10°  in  an  hour©  The  temperature  of  peaches  held  overnight  in  partially 
loaded  iced  cars  did  not  rise  appreciably©  Every  effort  should  be  made  to 
preserve  hydrocooled  refrigeration  by  minimum  exposure  of  the  fruit  to  high 
air  temperatures 3  loading  in  preiced  cars  and  trucks^  and  keeping  car  and 
truck  doors  closed  except  while  actually  loading© 

Hydrocooled  peaches  loaded  in  the  mechanically  refrigerated  car  at  50° 
were  further  cooled  to  about  42°  in  18  hours  after  loading©  The  peaches 
were  warmed  at  destination  by  re-setting  the  thermostat  from  35°  to  50 
causing  them  to  reach  an  average  of  50°  in  about  8  hours© 

Four  of  the  five  truck  shipping  tests  were  with  hydrocooled  fruit© 
Loading  temperatures  were  maintained  satisfactorily  in  transit©  Average 
ice  consumption  in  transit  in  3  tests  varied  from  134-  to  I56  povmds  per 
hour©  In  another  test^  warm  fruit  was  loaded  in  one  truck  at  an  average 
temperature  of  73  ©7°  and  was  reduced  to  52°  during  30  hours  in  transit© 
Average  ice  consumption  was  360  pounds  per  hour©  This  truck  had  a  50^ 
greater  ice-bunker  capacity  than  the  4  other  test  trucks  which  accounted, 
in  partj  for  the  excellent  transit  cooling©  With  the  satisfactory  transit 
temperatures  in  all  trucks^  the  loads  arrived  in  good  condition  with  almost 
no  decay o  After  4  to  7  days  holding  at  destination^  decay  increased  from 
6  to  40  percent  in  the  test  shipnentso  However^  there  appeared  to  be 


little  correlation  between  the  amount  of  decay  and  the  method  of  cooling 
and  the  differences  were  probably  due  to  variations  in  the  orchard 
infection  of  the  frtdt  used  in  the  different  tests o  It  should  be  noted 
that  the  maximum  of  4-0^  occurred  in  fruit  held  at  82°  as  compared  with 
70°  for  the  other  U   tests  <,  The  freedom  from  decay  upon  arrival  at 
destination  for  both  the  hydrocooled  fruit  and  that  loaded  warm  but 
cooled  rapidly  in  transit  appears  to  confirm  the  effectiveness  of  rapid 
cooling  in  retarding  development  of  decavo 

Introduction 

As  part  of  a  project  to  develop  methods  for  marketing  riper  peaches^ 
precooling  was  studied  in  South  Carolina  and  Georgia  in  1954-0  Because 
of  the  almost  universal  use  of  Ir^drocoolers  that  year  in  both  States^ 
all  the  precooling  tests  were  made  with  hydrocoolerso  Also^  refrigera= 
tion  in  transit  was  tested  in  5  trucks  and  in  1  mechanically  refrigerated 
caTo  The  methods  used  and  the  results  are  given  in  this  report© 


Methods  and  Procedure 


Temperature  equipment 


Fruit  temperatures  during  precooling  were  obtained  with  copper^ 
constantan  thermocouples^  read  by  means  of  a  direct-reading  potentio- 
metero  In  the  hydrocooling  tests ^  each  thermocouple  was  inserted  to 
the  pit  of  a  peach  located  along  the  vertical  centerline  of  the  basket 
and  approximately  3  to  4-  inches  from  the  top©  In  the  mechanically 
refrigerated  car^  temperatures  were  taken  from  the  time  loading  was 
completed  until  the  car  was  moved «  Ihe  positions  of  the  thermocouples 
in  the  commodity  and  the  designations  are  shown  in  table  4-o  Transit 
temperatures  were  obtained  with  recording  thermometers  placed  in  baskets 
in  the  top,  middle^  and  bottom  layers  of  the  load  at  the  doorway  along 
the  centerline  of  the  refrigerator  caro  In  the  truck  tests ,  the  records 
ing  thermometers  were  placed  in  the  center  of  baskets  located  (1)  at 
the  bottom  bunker c,  (2)  in  the  middle  layer,  halfway  between  bunker  and 
rear  door,  and  (3)  in  the  top  layer  at  the  rear  dcox^ayo  Air  temperatures 
were  recorded  on  top  of  the  load,  midway  between  blanker  and  rear  door  of 
the  trailer e  AH  locations  were  along  the  centerline  of  the  trailer* 
The  thermometers  recording  fruit  temperatures  were  placed  in  the  con- 
tainers before  hydrocooling  to  record  the  temperature  drop  during  this 
opera t ion o 

Fruit  temperatures  before  and  after  hydrocooling  were  determined 
by  selecting  baskets  of  peaches  at  random  from  the  packing  line,  and 
placing  a  single  thermocouple  in  a  peach,  as  previously  described*  The 
temperature  of  the  warm  fruit  was  noted  and  the  basket,  with  therm-o^" 
couple  still  in  place,  was  then  placed  in  the  hydrocooler©  Timing  was 
begun  v/hen  the  test  basket  entered  the  water  spray  and  ended  when  it 
cleared  the  water  at  the  other  end  of  the  machine o  The  basket  was 
removed  and  immediately  the  temperature  was  read  again©  Water  temperatures 
were  recorded  when  the  test. package  entered  and  when  it  left  the  unito 
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K:',^drocoolers 

Except  for  one  mechanically  refrigerated  iinit^   all  hydrocoolers 
tested  used  ice  as  the  cooling  mediumo     All  except  2  homemade  units 
in  Georgia  and  1  in  South  Carolina  were  made  by  two  commercial  firms o 
The  commercial  units    (types  A  and  B)  were  similar  in  design,   differing 

only  in  the  construction  of  the  ice  tanks©     In  type  A^  water  was  retained 
in  the  collecting  tank  to  a  depth  of  12"  to  15"  and  the  ice  placed  in  the 
Tra.tero     In  type  B,  the  water  was  not  retained  in  the  collecting  tank  but 
was  drained  off  to  a  smaller  tank  on  one  side  in  which  the  ice  was  placed. 
Since  the  water  was  pumped  from  the  bottom  of  this  second  tank  it  was 
required  to  flow  through  all  of  the  ice*     In  both  units ^   the  peach  con- 
tainers were  placed  on  a  wide^   slatted  conveyor  and  m-oved  through  a 
heavy  flood  of  water  released  from  an  overhead  distribution  tank  to  which 
the  cooled  water  from  the  ice  tank  was  pumpedo     The  capacity  of  the  pumi: 
was  2^000  gallons  per  minute©     The  basic  unit  of  both  types  of  commercial 
hydrocoolers  was  approximately  25  feet  in  length  and  had  a  capacity  of 
2CK)  bushels  per  houTo     Some  of  the  hydrocoolers  tested  were  2-  and  3=unit 
sizes o     The  units  were  coupled  together  but  there  was  a  single  conveyor 
for  the  entire  hydrocoolero     Two  hydrocoolers  vrere  equipped  with  ice 
crushers  and  conveyor  belts  for  delivering  the  crushed  ice  to  the  tanks 
of  each  unit©     In  most  of  the  smaller  hydrocoolers,   the  ice  was  broken 
up  and  placed  manually  in  the  tanks© 

Two  of  the  homemade  hydrocoolers   (type  G)  vrere  similar  to  the 
commercial  units  except  that  the  fruit  was  moved  on  individual  chain 
conveyors  on  one  side  and  returned  through  the  unit  by  another  chain 
on  the  opposite  side^  making  2  trips  through  the  cooler o 

One  mechanically  refrigerated  hydrocooler   (type  D)  was  tested© 
In  it  the  cooling  v/^ater  was  supplied  from  a  large  concrete  tank  3'   x 
30'-   x  5'    in  size 5   and  was  pumped  through  the  hydrocooler  unit  by  2 
pumps  each  of  3|,000  gallons  per  minute  capacity©     The  water  was  cooled 
by  circulation  through  a  special  cooling  unit   (converted  milk  cooler) 
by  a  pump  with  a  capacity  of  900  gallons  per  minute©     Refrigeration 
was  supplied  to  this  cooling  unit  by  two  50-ton  ammonia  compressors 
which  were  manually  controlled© 

An  immersion  type  hydrocooler  for  lidded  baskets   of  peaches 
(type  E)  was  also  tested^     It  consisted  of  2  wooden  tanks ^   14' 3"   in 
length,  74"  wide,  and  31"  deep*     The  peaches  were  cooled  in  batches 
of  72  bushel  baskets   or  110  half -bushel  baskets o     These  tanks  vrere 
used  for  custom  cooling  of  fruit  brought  from  nearby  packing  shedso 
While  fruit  was  cooling  in  one  tank^   the  other  tank  was  being  unloaded 
and  reloadedo     The  water  was  cooled  by  ice  in  a  separate  large  metal 
tank,  which  was  7'    in  diameter  and  approximately  7'    high^   and  was 
primped  through  the  peach-cooling  tanks  by  a  portable  irrigation  pumpo 
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After  the  tanks  were  filled  with  two  layers   of  peach  baskets,  the  water 
was  turned  on  and  circulated  for  20  to  30  minutes.     To  keep  the  baskets 
submerged  during  cooling  a  hinged  frame  was  placed  on  top  of  the  tanks 
and  secured  in  place*    l/Uater  entered  the  bottom  of  the  tank  at  one  end 
and  overflowed  at  the  top  of  the  opposite  end  through  a  rectangular 
sloto     The  overflow  water  returned  to  the  ice  tank  by  way  of  a  trough 
lined  with  sheet  metalo     When  the  peaches  were  cooled,  a  sluice  gate 
was   opened  to  allow  quick  emptying  of  the  tank.     As   in  the  other  hydro- 
cooling  tests,   temperatures  of  the  peaches  were  obtained  by  means   of 
thermocouples o     They  were  taken  in  1  bottom-layer  and  1  top-layer 
basket©     Inlet- and  out let- water  temperatures  were  obtained  with  hand 
thermometers©      Itemperatures  were  recorded  at  5-niinute  intervals  during 
the  cooling  period© 

One  small  bulk  cooler  used  for  cooling  peaches  before  they  were 
packed  was  tested.     This  was  a  homemade  outfit  used  for  cooling  a 
small  volume  of  select  fruit  for  consumer  packaging o     The  unit  was 
43'    long,  was  similar  in  design  to  the  commercial  coolers  and  had  a 
slatted  conveyor  42"  wide  for  the  fruit.     No  ice  was  used  in  this 
machine.     The  ice  water  was   pumped  about  100  feet  from  one  of  the 
regular  hydrocooling  units  in  the  packing  shed. 

Truck  and  Refrigerator  Car  Equipment 

All  the  truck  tests  except  one  were  made  with  ice-refrigerated, 
insulated  semitrailers.     Selection  of  trailers  was  not  possible  and 
the  condition  of  the   tinicks  varied  from  practically  new  and  excellent 
to  poor.     All  were  32'    in  length  and  had  ice-bunker  capacities  of 
1,500  to  3>000  pounds.     Data  on  insulation  were  unreliable  but  the 
thickness  appeared  to  vary  from  1"  to  3"  and  one  trailer  had  none 
under  the  floor.     All  trailers  had  floor  stripping  of  wood  or  metal, 
but  none  had  side-wall  stripping.     The  refrigerator  car  test  was  made 
in  a  car  equipped  with  mechanical  refrigeration  designed  for  general 
service© 

Test  packages  of  peaches  were  inspected  upon  arrival  at  destination 
and  after  being  held  several  days  at  room  temperature. 


Results 

Hydrocooling  Tests 

The  pertinent  information  from  the  hydrocooling  tests  is  presented 
in  table  1.  In  an  effort  to  develop  a  performance  index,  a  coefficient 
of  cooling  was  calculated  for  each  test.  The  coefficient  of  cooling 
(C)  is  based  on  the  average  fruit  and  water  temperatures  during  the 
test  periodj  the  total  reduction  in  fruit  temperature,  and  the  time. 
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C  =      Fr-uit  temperature  reduction 

(Avge  Fruit  Tempo)  -  (Avgo  Water  Tempe)  x  (Time) 

It  is  expressed  as  degrees  F.  reduction  per  hour,   per  degree  Fo  difference 
between  average  fruit  and  water  temperatures o  =/ 

Ice~refr iterated  hydrocoolers-— A  comparison  of  the  various  types  of 
hydrocoolers  is  made  in  table  2^  which  gives  the  coefficients  of  cooling 
for  the  different  peach  and  container  sizes*  A  homemade  hydrocooler  of 
the  conventional  type  (C)  had  the  best  performance  index  for  peaches 
below  2"  as  well  as  for  those  above  2"e  The  data  indicate  that  the 
performance  index  drojs  as  the  peach  size  increases©  The  lov/est  per= 
formance  index  was  obtained  for  the  tank  cooler  (E)  and  the  next 
lowest  for  the  mechanically  refrigerated  cooler  (D)o  The  performance 
index  of  conventional  coolers  (A  and  B)  decreased  as  the  size  of  the 
container  increased©  In  the  tank  cooling  tests  the  bushel  basket 
cooled  somewhat  faster  than  the  half -bushel  basket©  Cooling  rates  and 
coefficients  of  cooling  are  increased  by  any  factor  that  accelerates 
heat  transfer J  such  as  greater  access  of  water  to  the  peaches,  faster 
movement  of  V'/ater  through  the  containers j,  or  smaller  mass  to  cool© 
This  accounts  for  the  slower  cooling  of  large  peaches  in  large  containers 
than  in  small  ones  when  they  are  exposed  to  an  overhead  flood  of  water o 
?rith  peaches  submerged  in  a  tank  of  water^  container  size  would  not  be 
expected  to  exert  as  much  influence  on  cooling  rates  as  it  would  in  a 
flood  type  cooler a 

The  average  temperature  reduction  for  all  tests  not  including 
tanks  was  33el°  F©  The  range  was  19o4°  to  43o4°e  Average  final  fruit 
temperature  was  50 ©2 o© 

Ice  requirements  were  checked  during  four  of  the  test  runs--=  tests 
3 5  4-5  Is   3-ncl  8  (table  1)©  The  pounds  of  ice  used  per  100  pounds  and  per 
1/2  bushel  of  peaches  per  degrees  Fo  reduction  in  temperature  was  as 
follows  5 


les   Lbo  ice  per  l/2  buc 
Test  Noe      '        per  °  Fo peaches  per  °  Fo 

3  1394  Oe59 

4.  lo56  <.46 

7  lol4  o34 

8  le22  «36 

If  all  the  ice  had  been  used  for  cooling  water^    peaches^   and 
baskets,  the  efficiency  of  the  hydrocooling  would  have  ranged  from 
30  to  53   percent «     A  great  deal  of  the  refrigeration  effect,   however^ 


2/ Sainsbury,  Go  Fo "Improved  Fruit  Cooling  Methods,"     Refrigerating 
Engineering,  vole  59^  No©  5^   PP»  464-4690     May  1951° 


T^as  lost  through  the  overflow  of  cold  water  when  ice  was  added o  Other 
losses -were  due  to  lack  of  insulation  and  exposure  of  the  unit  to  high 
ambient  temperatures »  A  strong  wind  blowing  through  the  imit  would  also 
increase  the  heat  load  but  this  effect  was  reduced  by  the  curtains  at 
each  endo 

Considerable  variation  in  water  temperatures^  caused  mainly  by 
failure  to  maintain  an  adequate  supply  of  ice  in  the  unit^  was  noted 
from  time  to  timeo  This  resulted  in  final  fruit  temperatures  varying 
as  much  as  10°  Fo  An  adequate  supply  of  ice  is  highly  important 
during  a  runo  Several  packers  built  small  ice  storages  in  their  sheds 
to  insure  against  interruptions  in  a  day's  runo  The  rapid  increase  in 
the  number  of  hyrdocoolers  taxed  the  local  ice  facilities  in  several 
areas  5  notably  around  Fort  Valley^  Gao^  where  trucks  waiting  to  pick 
up  ice  had  long  delays^  standing  in  line  for  their  turns© 

Some  hydrocoolers  were  operated  at  excessive  speeds  to  keep  up 
with  the  packing  lineo  The  result  was  that  the  peaches  were  not  cooled 
enougho  To  obtain  the  most  effective  use  of  equipment  and  the  greatest 
return  from  the  rather  large  investment^  a  packer  needs  a  unit  large 
enough  to  handle  the  full  capacity  of  the  packing  line© 

Mechanically  refrigerated  hydrocoolero-~This  unit  (type  D)  was 
considerably  larger  than  required  for  the  capacity  of  the  packing  line 
and  therefore  the  conveyor  was  run  at  a  slow  speedo  As  a  result^  the 
peaches  were  exposed  to  the  cooling  water  for  approximately  25  minutes ^ 
and  their  temperatures  dropped  to  about  40°  Fo  The  use  of  a  water  cooler 
separate  from  the  main  tank  resulted  in  losses  that  could  be  prevented 
by  placing  the  cooling  coils  directly  in  the  tanko  Placing  the  coils  in 
the  tank  would  eljoninate  the  pump  used  in  the  water  cooler  and  save  in 
power©  Manual  control  resulted  in  erratic  operation  of  the  cooling 
system© 

Homemade  hydr oc ooler s  ( Type  C )  o  —Poor  performance  of  the  relatively 
light  chains  was  observed  on  the  homemade  coolers o  The  chains  used  were 
of  the  detachable  agricultural  type©  "When  one  link  broke  or  came  loose^ 
the  entire  unit  had  to  be  stopped  and  the  baskets  of  peaches  had  to  be 
removed  from  the  cooler*  Considerable  time  was  lost  during  repairs© 
In  addition^  the  person  making  the  repairs  experienced  the  discomfort 
of  having  to  stand  in  the  cold  water  in  the  cooler© 

The  performance  of  homemade  coolers^  as  expressed  by  their  cooling 
coefficients,  was  relatively  good  (type  C,  table  1)0  Ihe  average  cooling 
coefficient  was  the  highest  for  any  of  the  types  tested© 

Tank  hydroc ooler  (Type  E)o —  Since  the  baskets  of  peaches  were 
stationary  during  the  cooling  operation  in  the  tank  c ooler s^  it  was 
possible  to  obtain  temperatures  throughout  the  cooling  period©  These 
temperatures  are  graphically  shown  in  figure  1  for  each  of  the  6  test 


rimso  Each  curve  is  based  on  averages  cf  the  temperatures  in  the  top  and 
the  bottom  basket  for  the  testo  The  average  temperature  of  the  bottom 
layer  baskets  in  all  tests  was  50ol°  Fo  and  that  of  the  top  baskets  54o7°o 
In  2  of  3  tests  the  1/2  bushel  basket-s  were  cooled  as  fast  in  the  top  layer 
as  in  the  bottom  layer e  The  lower  temperature  reached  in  the  bottom  bushel 
basket  was  probably  due  in  part  to  a  slightly  longer  exposure  to  the  water© 
The  cooling  coefficient  in  tank  coolers  was  low  as  compared  with  that  in 
the  flood  type  of  cooler^  chiefly  by  reason  of  the  relatively  slow 
movement  of  water  around  the  peaches o  The  bushel  baskets  cooled  better 
than  the  1/2 -bushel  ones=,  probably  because  the  smaller  ones  floated  up 
against  the  top  frame o  This  allowed  the  water  to  pass  under  the  baskets 
without  flowing  through  or  around  theme 

Holding  tests  were  conducted  to  determine  the  effect  of  wetting  on 
pads  in  baskets  immersed  in  the  water  of  the  cooling  tanks o  The  test- 
packages  were  cooled  for  20  minutes  and  then  allowed  to  stand  for  12 
hours  before  inspectiono  The  pads  were  slightly  moist^  and  the  edges 
were  wet  in  spots  where  they  were  turned  under  the  lido  The  pads  did 
not  tear  or  rip  or  show  indications  of  weakness o  The  color  ran  slightly 
where  the  underside  of  the  lid  pressed  against  the  pade 

The  tank  coolers  were  fairly  satisfactory,  but  they  required  more 
time  to  bring  the  temperature  down  to  50°  Fo  and  below  than  the  con- 
ventional type  coolers© 

Small  h:;drocooler  for  unpacked  peaches  o —This  unit  was  homemade o 
The  speed  of  the  conveycar'  was  faster  than  desirable  for  good  cooling 
and  it  was  not  possible  to  reduce  the  speed  without  replacing  the  drive 
unit©  The  fruit  was  exposed  to  the  water  for  approximately  6  minutes o 
Results  of  the  test  are  summarized  as  follows  s 


Size  of  fruit 

inches  Test 

2 


Fruit  temperature  (°  Fo) 


2i 


* 


Test 


In  cooler 

1 

95e6 

93  c6 
94o8 
2 

86o7 
87  o7 

Out  cooler 

Reduction 

65  o5 

69o6 

75  ..4 

30ol 

24e0 

19  o4 

66o2 
72o8 

22o5 
14  o9 

The  final  temperatures  indicate  the  need  for  a  longer  cooling  time 
and  also  show  the  effect  of  fruit  size  on  coolingo  With  the  relatively 
low  volume  of  peaches  handled^  the  speed  could  easily  have  been  cut 
in  half©  The  time  of  exposure  to  the  cooling  water  could  have  been 
increased  without  overcrowding  the  machineo  The  water  temperatures 
were  relatively  high,  ranging  from  38°  to  39°o 
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Wetting  agents o -—The  use  of  a  wetting  agent  to  increase  rate  of 
hydrocooling  of  peaches  was  studied  and  found  to  be  satisfactory  in 
laboratory  tests oi/  Therefore,  preliminary  field  tests  were  made  with 
two  types  of  wetting  agents  during  the  regular  hydrocooling  tests© 
Because  of  the  excessive  foaming  in  the  hydrocoolers  and  the  lack  of 
an  antifoam  agent,  the  recommended  concentration  could  not  be  obtainedo 
A  small  increase  in  the  cooling  rate  was  obtained  with  one  of  the 
wetting  agents  but  not  with  the  other  (table  3)o  Flarther  field  tests 
mil  be  made© 

Warming  of  Hydrocooled  Peaches  During  Handling 

Observations  were  made  to  determine  the  effect  of  length  of  conveyor 
runs  on  the  warming  of  hydrocooled  peaches o  Conveying  the  fruit  300  feet 
required  approximately  3  minutes©  During  this  time  the  temperature  of 
peaches  in  the  lidded  baskets  did  not  rise  appreciably  even  though  they 
were  exposed  to  an  ambient  temperature  of  95°  Fo  Stacking  hydrocooled 
baskets  on  the  packinghouse  floor  up  to  an  hour  results  in  temperature 
increases  as  high  as  10°  in  the  most  exposed  outer  baskets©  If  it 
becomes  necessary  to  stack  in  this  manner,  because  of  poor  scheduling 
of  trucks  or  cars^  the  baskets  should  be  covered  -vuith  a  heavy  tarpaulin 
or  similar  material©  Covering  the  baskets  would  tend  to  keep  the  tempera- 
ture dovm  and  avoid  unnecessary  loss  of  refrigeration© 

Hydrocooled  peaches  in  a  partially  loaded,  preiced  refrigerator 
car  showed  very  little  rise  in  temperature  overnighto  When  this  practice 
is  necessary,  it  is  highly  important  to  keep  the  car  doors  closed  except 
during  actual  loading «  Truck-trailers  should  be  preiced  several  hours 
before  loading  and  the  doors  kept  closed  and  the  fans  operated  except 
during  actual  loading©  Unless  the  temperature  of  the  trucks  or  cars  is 
near  the  temperature  of  the  peaches  at  loading,  the  temperature  of  the 
peaches  will  rise  and  part  of  the  t^drocooling  refrigeration  vd-ll  be 
was ted e 

Mechanically  Refrigerated  Car  Test 

In  this  test  with  the  mechanically  refrigerated  car,  brushed,  waxed, 
and  hydrocooled  peaches  v;ere  loaded  and  shipped  from  Fort  Valley,  Ga©,  to 
Jersey  City,  N.  Jo,  in  June©  The  car  was  cooled  before  loading  with  the 
thermostat  set  at  35°  F©  At  10;4$  aom.,  June  17,  air  temperatures  within 
the  car  were  41°  at  the  top  and  37°  at  the  bottom  when  the  cooling  unit 
was  stopped  and  loading  was  begun©  Only  fifty  l/2-bushel  baskets  were 
loaded  by  11:40,  when  loading  was  discontinued  until  3*15  P«>ni<.  Operating 
the  unit  during  this  break  resulted  in  air  temperatures  of  39°  (top)  and 
35°  (bottom)  at  1  p»mo  At  4:10  pom©,  when  loading  was  completed,  the 
unit  was  again  started©  The  average  temperature  of  the  hydrocooled 
fruit  when  loaded  was  about  50°© 


27  Harris,  Hubert  and  Spigner,  Re  L©  "Hydrocooling  peaches,"  Proceed- 
ings of  the  Seventh  Annual  Southeastern  Short  Course,  Alabama  Poly- 
technic Institute,  November  17-19 >  l954o 
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After  loading  vras  completed^  temperatures  were  read  at  intervals  until 
the  car  -was  moved  at  9sOO  p.m*  (table  4-)o  During  this  period  fruit 
temperatures  of  the  h^drocooled  fruit  were  lowered  slightly  in  the  "A" 
end  next  to  the  refrigeration  unite  However ^  the  temperatures  remained 
about  the  same  or  rose  slightly  in  the  opposite  end  of  the  caro 
Temperatures  obtained  from  the  recording  thermometers  placed  in  baskets 
in  the  top,  middle^  and  bottom  layers  at  the  doorway  centerline  position 
are  shown  graphically  in  figure  2e  Temperatures  in  the  top  and  middle 
positions  dropped  steadily  to  41°  and  42°,  respectively,  in  the  first 
18  hours  while  the  fruit  in  the  bottom  position  cooled  to  46°,  At 
destination^  the  thermostat  was  re-set  from  35°  to  50°  to  apply  heat 
to  the  peaches  before  unload ing^  so  that  they  would  ripen  somewhat 
before  removal  from  the  care  Din'ing  this  period  top  and  middle  tempera- 
tures rose  rapidly  to  52°  and  53°  while  the  bottom  temperature  rose  to 

47°e 

The  lag  in  cooling  and  warming  of  the  bottom-layer  fruit  tempera- 
ture was  due  largely  to  the  direction  of  air  movement  in  the  care     Air 
enters  the  car  through  louvers  in  the  false  ceiling e     It  is  then  returned 
to  the  unit  by  moving  through  the  load  and  under  the  floor  racks  to  the 
return  air  duct  in  the  end  of  the  car* 

The  load  arrived  in  good  order ^  with  only  8  baskets  requiring  re- 
coopering©     No  decay  or  abnormal  bruising  was  noted o     The  trade  reported 
excellent  appearance  of  the  fruit© 

Truck  Shipping  Tests 

A  general  summary  of  the  truck  shipping  tests  is  given  in  table  5^ 
which  includes  data  on  the  trailers  used,   loading^  unloading,   and 
refrigerationo 

Test  lo— The  peaches  were  brushed,  waxed,  and  packed  in  5/9-bushel 
Spartan  crates  and  then  hydrocooled  before  loading*     The  truck  was  pre- 
iced  before  loading  but  all  doors  were  left  open  until  shortly  before 
loading  commencede     As  a  result  the  air  temperature  inside  the  truck 
during  loading  was  approximately  65°  Fo,  while  the  outside  temperature 
was  90°o     During  transit  the  trailer  was  reiced  several  times  o     The 
average  outside  temperature  ^  during  transit  was  approximately  77° o 
Figure  3  shows  the  temperatures  recorded  during  transit© 

The  total  ice  consumption  for  the  transit  period  was  5,100  pounds^ 
probably  in  excess  of  what  would  normally  be  used  since  the  truck  had  to 
make  a  stop-over  for  repairs  from  9  aomo  to  4  Pom©,   July  lo     The  average 
rate  of  ice  consumption  was  134  pounds  per  hour© 

The  commercial  inspection  of  the  fruit  at  destination  showed  some 
bruising  but  no  decayo     The  highest  percentage  of  bruising  was  found  in 
the  bottom  containers  and  the  smallest   in  the  top©     Inspection  of 


57     Obtained  from  Uo  So  Weather  Bureau  Glimatological  Data© 
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test  crates   of  peaches  after  holding  for  4-  days  at  70*-'  Fc   and  80  percent 
relative  humidity  showed  a  total  of  35  >6  percent  decayr     All  the  fruit 
not  decayed  was   eating  ripe  after  the  4  days'    holding^  with  a  pressure- 
test  reading  of  less  than  3   pounds* 

Test  2o-°The  load  consisted  of  800  l/2-bushel  baskets  of  Dixigem 
peaches  that  had  been  brushed  before  loadings     They  were  not  hydrocooled* 
The  trailer  was   preiced  and  reic-ed  at  regular  intervals  in  transit*     As 
shown  by  figijre  U.j   the  fruit  was  cooled  to  51'^  to  54*^  during  the  30  hours 
in  transit*     The  average  outside  temperature  for  the  transit  period  was 
77°»     The  temperature  reductions  for  the  top^  middle,  and  bottom  positions 
were  21^3  22°^   and  23^,  respective lyo 

The  total  ice  consumption  for  the  transit  period  was  10,800  pounds, 
and  the  average  rate  360  pounds  per  hou-^  e    Test  2  required  5^700  pounds 
more  ice  than  did  test  !.•>     Several  conditions  would  account  for  thiso 

(1)  The  peaches  were  placed  in  the  trailer  at  a  higher  temperature© 

(2)  The  heat  evolved  by  the  peaches  at  the  higher  temperature  would  be 
much  greater  s    (3)  Test  2  had  over  500  pounds  more  of  peaches  <,     It  should 
also  be  noted  that  the  ice  bunker  in  this  trailer  had  a  capacity  of 
3^000  pounds  of  ice  as  compared  vrith  1,500  pounds  for  the  trailer  in 
test  lo 

The  commercial  inspection  at  destination  showed  some  bruising  but 
no  decay e     The  greatest  amount  of  bruising  in  the  1/2 -bushel-basket  load 
found  at  destination  was  top  (23^2^),   middle   (39<»4^)5  and  bottom  (17e^)e 
Approximately  13   percent  more  fruit  was  bruised  in  this  load  of  l/2- 
bushel  baskets  than  in  the  first  test,  which  was  with  5/9-bushel  Spartan 
crates©    Y/hile  the  peaches   in  the  bottom  containers  bruised  the  most  in 
the  load  of  5/9-bushel  Spartan  crates    (test  1),   the  peaches  in  the  middle 
containers  bruised  the  most  in  the  load  of  l/2 -bushel  baskets   of  test  2. 
At  the  end  of  4  days'    holding  at  70^  and  80  percent  relative  humidity, 
11  percent  decay  (rhizopus  and  brown  rots)   developedo     All  fruit  were 
eating  ripe  at  the  end  of  the  4-=day  holding  periodo 

Test  3e'— The  trailer  was  loaded  with  three  lots   of  Elberta  peaches 
in  5/9-bushel  Spartan  crates »     The  three  lots  consisted  of  520,   283,  and 
47  crates.     The  520-crate  lot  was  l:iydrocooled  and  loaded  directly  after 
cooling;  fr\iit  temperatures  ranged  from  40°  to  45°  F.  at  loadingc 
Approximately  1  hour  elapsed  from  the  time  the  283 -crate  lot  was  hydro- 
cooled  until  it  was  loaded©     Consequently,  the  fruit  temperature  had 
increased  and  ranged  from  60^  to  70^  at  loadingc     The  47-crate  lot 
made  up  one  stack  and  part  of  a  second  at  the  rear  door  of  the  trailer. 
This   lot  was  not  precooled  and  when  it  was  loaded  into  the  trailer  the 
fruit  temperature  was  approximately  80° »     The  trailer  was  cooled  before 
being  loaded  and  was  reiced  several  times  during  transit «     Itemperatures 
during  the  transit  period  are  given  graphically  in  figiire  5» 


The  total  ice  consumed  during  the  transit  period  was  55300  pounds 
and  the  average  rate  of  consumption  was  15 6  pounds  per  hov^b     The  ice 
consumption  was  comparable  t-o  that  in  test  It,     The  trailer  in  test  3 
used  200  pounds  more  ice  but  it  also  had  approximately  4,000  pounds 
more  peaches^  some  with  a  higher  loading  temperature e 

Inspection  on  arrival  showed  some  bruising  but  no  decay©     During 
holding  in  the  New  Yo^^k  labor atory^  the  peaches  from  the  bottom  layer 
ripened  much  more  tJian  those  from  the  middle  or  top  layers     The  fact 
that  the  bottom  laye^  peaches  ripened  more  than  the  others  could  be 
attributed  to  the  increase  in  temperature  in  the  bottom  layer  during 
transit©     During  the  7-day  holding  period  at  70°  and  80  percent 
relative  humidity  decay  increased  to  6e4-^  (lol^  rhizopus  rot,  5o3^ 
brown  rot) o 

Test  4e-°°The  load  consisted  of  575  3A'=bushel  baskets  of  early 
Elberta  peaches  that  had  been  brushed  and  hydrocooled  before  loading* 
The  trailer  was  reiced  a  number  of  times  in  transit©     As  in  test  3^ 
the  top  and  middle  temperatures  remained  fairly  uniform  and  low  in 
transit^  but  the  bottom  temperature  continued  to  increase  throughout 
the  transit  period^  figure  6o     Icing  records  for  the  trailer  were 
net  available 9 

Arrival  inspection  showed  the  load  in  good  condition^  with  a  very 
small  amount  of  decay.     After  holding  for  4-  days  at  82°  F=j   decay 
increased  to  approximately  40  percent o     The  greater  amount  of  decay 
after  holding  was   probably  influenced  by  the  higher  temperature   (82°) 
at  which  the  fruit  was  held  as  compared  to  the  70°  for  the  fruit  from 
the  other  tests© 

Test  5^ —The  load  consisted  of  615  3/4-bushel  baskets  of  early 
Elberta  peaches  that  had  been  brushed^  waxed^  and  hydrocooled  before 
loadings     The  peaches  were  shipped  in  a  preiced  trailer  which  was 
■^eiced  several  times  in  transit©     The  recording  thermometer  in  the 
bottom  position  failed  to  operate*     Transit  temperatures  recorded 
are  shown  in  figure  7* 

The  total  ice  consumption  for  the  transit  period  was  7^500  pounds, 
and  the  average  rate  of  consumption  was  150  pounds  per  hour.     For  the 
amount  of  peaches  carried  and  time  in  transit^   this  trailer  used  more 
ice  than  did  the  trailer  in  test  1  or  3* 
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Figure  1.     Average  peach  temperatures  during  cooling 
tests  in  -bank  hydrocooler  (type  E) 
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Figure  3o     Truck  test  No.  1,   peach  temperatures  in  transit, 
Ininan,  S.  C«,  to  Newark,   N.  J.,   July  1954* 
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Figure  k»     Truck  test  No.  2,   peach  temperatures  in  transit, 
IniTian,  S.  C,,  to  Newark,  K,  J.,  July  19$h* 
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Figure  5o     Truck  test  Noo  3^.   peach  and  air  temperatures  in  transit, 
Pauline,  So  Coj   to  North  Ha-wthoriie,   No   J«,    July  1954 
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Truck  test  No.  U,   peach  and  air  temperatures  in 
transit,  Gramling,  C>,   C,  to  Chicago,  111., 
July  195/V. 
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Figrure  7*  Truck  test  No.  5,  peach  and  air  temperatures  in 
transit,  Inman,  S.  C,  to  New  York,  N.  Y., 
July  1954. 


